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Coccidioides immitis is a biphasie fungus which
infects a large percentage of individuals in cer-
tain desert regions of the Southwestern United
States and Northwestern Mexico but causes
fatal infections in only a very small percentage
of eases. A single primary infection usually con-
fers permanent immunity (1).
The ultimate course of eoeeidioidomyeosis
appears to be dependent upon a variety of
factors. It is well known that Negroes and
Filipinos are more prone to dissemination than
Caucasians and that dissemination is much more
likely to occur in pregnant females than in non-
pregnant females (2, 3, 4). Some investigators
feel that children under the age of four are more
susceptible to dissemination of the infection
than are older children or adults (5, 6). Lower
than normal adult Caucasian properdin levels
have been demonstrated in individuals during
pregnancy, in Negroes, in children and in indi-
viduals with the disseminated form of this dis-
ease (5, 6, 7, 5).
Coccidioides immitis, Blastomyces dermatitidis
and B isto plasma capsul alum antigens show varying
degrees of cross reactivity when used as anti-
gens for skin tests, preeipitin tests and comple-
ment fixation tests. Cross reactions are most pro-
nounced between the antigens of B. dermatitidi.s
and H. capsulatum (9). Although cross reactivity
in the complement fixation test for eoeeidio-
idomyeosis among the antigens of C. immitis, B.
dermatitidis and H. capsulatum is also noted, this
is much less than that observed between H.
capsulatum and B. dermatitidis antigens in either
histoplasmosis or blastomyeosis.
Acetone and formaldehyde killed myeelia
injected in relatively large quantities have been
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reported to induce a state of partial protection
against a low level challenge infection of C.
immitis (10). This study reports some pre-
liminary findings on the chemical nature of cell
wall pnlysaeeharides of C. immitis, their effect
on the properdin system and their antigenie
activity in experimental animals.
EXpEnIM ENTAL
Fractionation of A ntiyenic Polysaccharides from
the Mycelia of Coccidioides immitis
Myeelia of the Barry strain of Coccidioides
immitis were grown in myeophil broth on a shaker
at 37 C under highly aerobic conditions and
repeatedly transferred to achieve rapid growth.
The myeelia were harvested during the log phase
of growth, heat killed and washed with distilled
water. Ten grams wet weight of the myeleia were
suspended in 200 ml of one normal sodium hy-
droxide in an autoclave at 20 lbs. pressure for
twenty minutes, centrifuged, and washed with
distilled water until the supernatant no longer
contained detectable quantities of amino acids or
proteins. The myeelia were again suspended in
sodium hydroxide, the entire sequence repeated
for three cycles and the precipitate was then
treated with 200 ml 5% trisodium phosphate and
0.1% ethylene diamine tetraeetie acid to remove
residual metal ions and nueleotides. Following
extensive washing the myeelia were refluxed
(2—500 ml quantities) in 95% ethanol, ethanol-
acetone (50—50), and petroleum ether to remove
residual flavins and lipids and dried from ab-
solute ethanol. Lipopolysaeeharide was prepared
by methods previously reported (11).
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Chemical Characterization of C. immitis FiX
Polysaccharide
The molecular weight classes of PiX fractions
obtained from H. capsulatum, B. dermatitidis,
and C. immitis are shown in Table I. The polymer
with the highest molecular weight is C. immitis
PiX which consists of approximately 400 residues
per molecule. The molecular weights of H. cap-
sulatum and B. dermatitidis are somewhat lower.
A similarity exists in the residues which make up
these polysaeeharides. The C. immitis PiX
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TABLE I
Residues/molecule of polysaccha ride
Organism
Number of Poly-
saccharide Res-
idues/Molecule*
C. immitis
B. dermatitidis
H. capsulatum
400
220
195
Chromato graphic identification of C. immitis
Mannose
Glucose
Glucosamine
Galacturonic acid
Mannose
Glucose
Glucosamine
Galacturonic acid
Mannose
Glucose
Glucosamine
Galacturonic acid
polysaccharide consists of galacturonic acid,
mannose, glucose, and glucosamine (Table II).
The ratio of residues are shown in Table III.
H. capsulatum P1X contains glucuronic acid,
mannose, and glucose. B. dermatitidis consists
of the same residues as C. immitis (Table IV).
The same residues arc found in the yeast phase
P1X fractions of H. capsulatum and B. derma-
titidis as in the P1X mycelial phase polysaccha-
ride. The three polymers differ in ratios of a
and $ bonding and the sites at which the residues
are attached to each other. H. capsulatum con-
tains more 1,3 linkages than either C. immitis
or B. dermatitidis. There is also considerable
variation in the ratio of residues in each of these
polymers.
Cross reactivity is well known in both the skin
tests and complement fixation test among the
three disease states and may possibly be related
to the similarity of residues and the polysaccha-
rides produced by these organisms.
Antibody Synthesis Induced by Pot ysaccharide
Fractions
C. immitis polysaccharide P1X when injected
at low levels either subcutaneously or intra-
peritoneally induced antibody synthesis, and at
high levels a temporary refractory period of
antibody formation was observed. The anti-
bodies were demonstrated at low titer as early as
the first week and increased in titer to a plateau
at the fourth week (Table V). Repeated injec-
tions at even comparatively low levels of poly-
saccharide were capable of reducing the antibody
titer. The preferred route of administration of
this polysaccharide appears to be subcutaneous
since intraperitoneal injections occasionally in-
duce anaphylaxis.
Preliminary protection studies in mice mdi-
TABLE III
Ratio of residues in C. iminitis P1X polysaccharide
Mannose
Glucose
Glucosamine
Galacturonic acid
2.2 .03
3.1 .03
2.9 .02
0.9 .03
TABLE IV
Residues of P1X polysaccharides
Organism Constituents
H. capsulatum
B. dermatitidis
C. immitis
Glucuronic acid, mannose,
glucose.
Galacturonic acid, mannose,
glucose, glucosamine.
Galacturonic acid, mannose,
glucose, glucosamine.
TABLE V
Antibody synthesis following injection of
C. immitis P1X
Time (days) After Injection Antibody N/mi Serum
14
30
63
.23 .07
.31 .09
.29 .11
Polysaccharide was suspended to a concentra-
tion of 1.0 mg./ml. One-half ml. was injected sub-
cutaneously in the abdominal region.
* Determined as reducing ends by the alkaline
Ferricyanide assay and periodate oxidation.
TABLE II
residues
Rf Un-
known
Authen-
tic Com-
pound
CompoundSolvent System
Pyridine-bu-
tanol 1120
4:6:3
1120 Saturated
eollidine
Butanol-etha-
nol HO 5:1:4
.65
.61
.56
.44
.70
.67
.54
.60
.51
.42
.38
.39
.66
.61
.55
.44
.71
.67
.54
.59
.51
.43
.38
.39
Residue
SPECIFIC ANTIBODIES AND PROPEEDIN IN COCCIDIOIDOMYCOSIS 215
TABLE VI
Effect of a single injection of C. immitis poly-
saceharide P1X two weeks prior to challenge
with tOO x MLD C. immitis
Polysaccharide
mg/mouse % of Control Death Rate
Control
0.5
1.0
5.0
100
60 3.4
95 4.0
120 3.3
30 mice were included in each experimental
group.
cate that C. immitis P1X polysaccharide when
injected at low levels confers partial protection
and at high levels significantly increases the rate
of death (Table VI). Although mice were chal-
lenged only two weeks following a single injec-
tion of polysaccharide and an extremely high
challenge level was used (500 x MLD) it is
apparent that even under these relatively un-
favorable conditions partial protection was ob-
served. Further protection experiments are
under way using a wider range of polysaccharide.
When challenged 30 days following a single in-
jection of P1X at the lower level of polysaccha-
ride the death rate was only 20% of the control.
Properdin Binding by C. Immitis
Polysaccharide P1L
Fraction P1L lipopolysaccharide binds pro-
perdin and all four components of complement.
The first and fourth components of complement
are fixed to the properdin-lipopolysaceharide com-
plex followed by the slower binding of the second
and third components. In this respect P1L differs
in the properdin binding activity from other
properdin binding polysaccharides in which the
third component is bound first. P1L causes the
lysis of erythrocytes and invokes an erythematous
reaction when injected into mice. The insoluble
polymer P1X has a markedly lower binding affin-
ity to properdin than the lipopolysaccharide.
Although fraction P1X rapidly induces an anti-
body formation there is no question of the tem-
porary drop in resistance for a period of two to
four days following the injection.
DISCUSSION
A single primary infection by C. immitis
confers a high degree of immunity to subsequent
infections. The nature of protective antibodies
produced as a consequence of primary infection
have never been characterized. Antibody quanti-
tated by the complement fixation test are appar-
ently non-protective and the prognosis of a
steadily rising titer may frequently indicate
dissemination (1).
C. immitis P1X polysaccharide at compara-
tively low levels induces at least partial protec-
tion in mice. In tissue the spherule form of this
organism has a thick polysaccharide outer wall.
If the outer wall is as highly polymerized and con-
tains the same or similar polysaccharide as the
mycelial phase it may perhaps be this polysac-
charide which induces lasting immunity. There is
little question of the availability of the cell wall
polysaceharide to the host for antibody synthesis.
In the vicinity of the spherule, particularly
during the process of rupturing, periodic acid
Schiff staining polysaccharide can be detected.
Low molecular weight weakly antigenic poly-
saccharide similar to that present in coccidioidin
may be responsible for the production of anti-
bodies which are detected by the complement
fixation test whereas high molecular weight
polysaccharide may confer protection. The
question arises whether the mechanism of the
production of erythema nodosum involves the
binding of low molecular weight polysaccharide
to low affinity antibody to produce soluble anti-
gen antibody complexes. Since this material has
a comparatively low affinity for its antibody
allergic manifestations frequently are seen with
soluble antigen antibody complexes. The refrac-
tory period, not too unlike specific immune
paralysis, which is noted when high levels of
P1X are injected into mice bring to mind the
disappearance of skin reacting antibody during
dissemination of C. immitis. Specific immuno-
logical paralysis has been demonstrated in
experimental animals following the injection of
a high level of type specific pneumococcus
polysaccharide antigens (12).
Individuals and experimental animals with
the disseminated form of coccidioidomycosis
have consistently decreased properdin levels
(7). Negroes are more susceptible to the dis-
seminated form of coccidioidomycosis and lower
properdin levels than those found in Caucasians
have demonstrated (1, 8). It is tempting to
speculate that properdin may be of importance
in limiting the primary infection and allowing
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time for specific antibody synthesis. There is a
strikingly high correlation in animals between
high properdin levels (13) and the lack of the
disseminated form of this disease in such ani-
mals. Conversely animals with low properdin
levels are more susceptible to dissemination and
death. Mice with experimentally lowered pro-
perdin levels disseminate more rapidly than
controls when challenged with either B. derma-
titidis or C. immiti.s (14).
Coccidioidomycosis is a complex disease state
of which we know little concerning the mecha-
nisms of resistance. In particular there is a paucity
of information concerning the highly effective
immunity following the primary infection. It is
hoped that basic studies on the nature of the
antigenic constituents of this organism will lead
to further insight in this problem.
SUMMARY
Two polysaccharide fractions were obtained
from the cell walls of the mycellal phase of
Coccidioides immitis. The insoluble polysaccha-
ride P1X was antigenic and protected animals
immunized with it against coecidioidomycosis.
A lipopolysaccharide P1L was partially charac-
terized and shown to bind properdin. On the
basis of the chemical characteristics of the cell
wall polysaccharides derived from C. immitis,
H. capsulatum, and B. dermatitidis, a possible
explanation is proposed for the cross-reactivities
observed between the antigens derived from these
organisms.
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DISCUSSION
DR. EUGENE T. BERNSTEIN (New York,
N. Y.): I recognize the warning of Dr. Goldman
that the discussion should be brief. In my estima-
tion, the advantage of properdin has not gained
such momentum as it should but I am convinced
that in the future there will be a greater aware-
ness of the stimulation of non-specific therapy.
With the great impact of penicillin and other
antibiotics the importance of non-specific forces
of the body were totally neglected for about a
decade, but we are returning to the old method
of stimulating the inherant defence forces of the
body like the mobilization of leukoeytes, par-
ticularly in their scavenger activities. The non-
specific influence consists of: a) artificial eleva-
tion of temperature, b) the importance of gamma
globulin and other natural resistance to infection
by promoting special agents Such as lysozyme,
c) combat infection by means of reticulo-endo-
theial cells.
Such a natural resistance to infection is a
function of many variables. Some could be as-
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sayed and others not become capable of measure-
ment. The significance of all this natural re-
sistance and their inter-relations is not finally
understood. A fascinating subject which was
inaugurated by Cannon in Boston was the idea
of homeostasis, meaning that the body tries to
maintain a balanced level in the functions by
non-specific defense. We have lost the sight of
the forest because of the trees, but as the French
say "on revient touj ours a son premier amour"
we are going back again to the idea of mobilizing
the non-specific forces of the organism.
Work was concentrated on blood after it was
found that it contains substances both natural
and acquired that are able to destroy bacteria
and foreign cells. While it has long been known
that blood and its relative simplicity was the
choice for study of natural and acquired sub-
stances that are able to destroy these bacteria,
we now assume that normal human and other
mammalian sera contain a protein named pro-
perdin which is an important constituent of the
"properdin system" and natural defense mecha-
nism of blood. The nature of the properdin system
and its interactions with polysaccharide com-
plexes was inaugurated by Louis Pillemer. The
future will demonstrate the important bacteri-
cidal activity of the "properdin system."
I would ask the presenter to tell us about the
prospects of the properclin system.
DR. J. WALTER WILsoN (Los Angeles, Calif.):
I should like to congratulate these authors on
this series of studies which I think are most
important and fundamental. It has long been my
belief that when we understand the activities of
polysaccharides in relation to immunity in the
mycotic infections we will better understand
how the human body resists the effect of infec-
tious diseases of all types.
DR. PETER FLESCU (Philadelphia, Penna.):
How did you distinguish between galacturonic
and glucuronic acid?
DR. EAEL G. MCNALL (in closing): I would
like to thank Dr. Wilson for his comments and
I agree that this high molecular weight poiy-
saccharide from Coccidioides immitis is an
important antigen in the elaboration of protec-
tive antibodies. In answer to Dr. Bernstein's
comment we concur in the feeling that properdin
is important in natural resistance especially in
resistance to deep mycotic infections. It appears
that properdin may play its role by limiting the
initial infectious process and thereby allow the
host time to develop high affinity specific anti-
bodies. With regard to Dr. Flesch's question on
how we differentiate between galacturonic and
glucuronic acids, we chromatographed the poly-
saccharide hydrolysates using several solvent
systems, some of which clearly separate galac-
turonie from glucuronic acid. The Rf of these
spots gave excellent agreement with the Rf of
the authenic compounds. Secondly we made
derivatives of the uronic acids and chromato-
graphed them and when materials were sufficient
we took micro melting points and optical rota-
tions.
